Social and financial considerations are often integrated when real life decisions are made, and recent studies have provided evidence that similar brain networks are engaged when either social or financial information is integrated. Other studies, however, have suggested that the neuropeptide oxytocin can specifically affect social behaviors, which would suggest separable mechanisms at the pharmacological level. Thus, we examined the hypothesis that oxytocin would specifically affect social and not financial information in a decision making task, in which participants learned which of the two faces, one smiling and the other angry or sad, was most often being rewarded. We found that oxytocin specifically decreased aversion to angry faces, without affecting integration of positive or negative financial feedback or choices related to happy vs sad faces.
INTRODUCTION
Considerable work has defined an important role for the neuropeptide oxytocin in social behavior (Donaldson and Young, 2008, Insel and . In rodents, studies have shown that oxytocin is involved in social behaviors including approach, recognition, and bond formation (Lim and Young, 2006) . Recently, work has begun to generalize these findings to human social behaviors (Bartz and Hollander, 2006) . These studies have shown that intranasally delivered oxytocin can increase trust or generosity in economic games (Kosfeld et al, 2005; Zak et al, 2007) , improve inference of emotions from images of the eyes (Domes et al, 2007b) , and increase fixations to the eye region in human faces (Guastella et al, 2008a) . Complimentary imaging work has shown that these behavioral effects may be mediated by a decreased response in the amygdala to aversive aspects of stimuli, including lack of reciprocity in trust games (Baumgartner et al, 2008) , painful stimulation of one's own hand , images with either intrinsic or conditioned negative valence (Kirsch et al, 2005; Petrovic et al, 2008) , or faces expressing emotions (Domes et al, 2007a) .
Interestingly, despite the fact that oxytocin receptors are found throughout brain areas involved in motivation and reward, including the amygdala and ventral striatum (Schorscher-Petcu et al, 2009; Skuse and Gallagher, 2009) , the effects of oxytocin seem to be specific to social stimuli (Ferguson et al, 2001 ) and may not extend to financial or other rewards. This presents an interesting contrast, as several recent papers have suggested that social and financial reward stimuli are processed by similar brain networks (Izuma et al, 2008; Zink et al, 2008) . This raises the question of whether social and non-social reward systems can be separated. To address this question, we examined the effects of oxytocin on a task in which participants integrate both social and financial reward feedback, when learning which of two faces is being most often rewarded within a block of trials (Averbeck and Duchaine, 2009) . In each block of trials, both faces have the same identity, but one is smiling (positive social valence) and the other is angry or sad (negative social valence). After picking one of the faces within a trial, feedback is given in terms of winning (positive financial valence) or losing (negative financial valence) money. We have previously shown that participants have a preference for the happy face relative to angry or sad faces, such that they select it more often than they should, given the financial feedback (Averbeck and Duchaine, 2009) similar to preferences for attractive faces (Hayden et al, 2007) . Here we examined whether oxytocin would specifically impact the social preference, without affecting the integration of positive and negative financial feedback.
MATERIALS AND METHODS

Task, Participants, and Procedure
A total of 18 male participants (average age 26. 5) were recruited for this double-blind placebo-controlled crossover study of intranasal oxytocin. Standard consent and safety reporting procedures were followed, and ethical approval was obtained from the SLaM Institute of Psychiatry, King's College London REC. Participants were excluded from the study if they had clinical depression, anxiety or any other psychiatric history. In addition, participants were excluded if they had high blood pressure, heart problems or any major illness or hospitalization in the last year.
Each participant completed two sessions of testing separated by at least 1 week. The procedure was same for each session. On arrival, the participant self-administered a nasal spray consisting of either 24 IU oxytocin (Syntocinon, Novartis) or saline placebo. This is similar to the dose that has been used in the previous studies, which have shown effects (Guastella et al, 2008b; Kirsch et al, 2005; Rimmele et al, 2009; Savaskan et al, 2008) . Each participant received both oxytocin and placebo and the order in which they received them was randomized. No serious adverse events occurred. One participant reported a mild headache after oxytocin administration.
To examine non-specific effects of drug on mood, participants completed a questionnaire on arrival (ie, before the spray) and immediately before undergoing testing, following delivery of oxytocin or placebo. The questionnaire used was the Brief Mood Inventory Scale, comprising 17 items (Mayer and Gaschke, 1988) . Participants rated 16 dimensions of mood on a scale of 1-4, followed by overall mood on a scale of À10 to + 10. Scores were compared between oxytocin and Placebo conditions, on overall and single dimensions of mood. There was no main effect of drug (F 1, 17 ¼ 0.764, p ¼ 0.394) and no interaction between drug and before/after (F 1, 17 ¼ 0.112, p ¼ 0.742), but there was a main effect of before/after (F 1, 17 ¼ 5.27, p ¼ 0.035), with participant's mood decreasing slightly after drug administration.
Following administration, behavioral testing commenced after a 50 min delay. It has been shown that vasopressin, which is closely related to oxytocin, reaches peak effects in 30-50 min when administered transnasally (Born et al, 2002) , and a 50 min delay between drug administration and the start of testing has been used in previous studies with oxytocin (Domes et al, 2007b; Fischer-Shofty et al, 2010; Kirsch et al, 2005) . Each participant did four blocks of 26 trials in both the happy vs angry and happy vs sad tasks. The order of the tasks was randomized across participants. In each block there were two faces with the same identity but different expressions. In experiment 1, one face had a happy expression and the other had an angry expression, and in experiment 2 the expressions were happy and sad. Two different male identities were used in each experiment, but they were the same two across experiments. Faces were taken from the Ekman series (Ekman and Friesen, 1971) . The identities alternated across blocks, and we counterbalanced whether identity A or B was shown in the first block. In each block, one of the faces paid off 40% of the time when selected and the other paid off 60% of the time. Participants were instructed to make decisions to maximize their rewards. The order of high reward vs low reward associated with the happy and angry/sad face was randomized across participants, such that some participants started with the happy face being rewarded most often, followed by the angry/sad face being rewarded most often, whereas other participants had the opposite order. Participants were told when the block switched by the computer task and also that probabilities would be remapped to the expressions. In addition, the identity always changed across blocks.
We chose 26 trials, because an ideal observer is able to identify the most highly rewarded face correctly in 85% of blocks of this length with the probability values we used (Averbeck and Duchaine, 2009) . Thus, there is a sufficient feedback evidence in most blocks to identify the correct face. This point is not directly relevant to this analysis, however, because we modeled the participants' belief trialby-trial, and therefore, we do not rely on whether or not the participants know which face 'should' be correct in each block. Thus, if for some reason the sequence of rewards favors the face being rewarded stochastically less often, this analysis takes that into account.
Every participant was given the following instructions on the task: 'On each trial in this task you will be presented with two faces. You will have to select one of the faces. Press 'z' to select the left face, '/' to select the right face. Your task is to try to figure out which face in each block has the highest probability of winning and pick that face as many times as possible. You will be told when the block switches, and at each switch the faces will be associated with new probabilities of winning. ' Within an individual trial, the happy and angry faces were presented pseudo-randomly on either the left or the right side of the screen (Figure 1 ). Participants were given an unlimited duration to make their decision and the faces were present until the participants responded. After the participants made their decision, they pressed one of two buttons to indicate whether they had chosen the left or the right face. The chosen face was then presented at the center of the screen, and below it was text indicating whether they had 'won' or 'lost' in that trial, with a win worth 10 pence, and a loss worth nothing. A 5 KHz tone was played when they won, and a 2.5 KHz tone was played when they lost. Feedback was given for 3 s and there was a 1 s inter-trial interval during which the screen was blank. All participants were paid the same amount, which was greater than their actual winnings, but they were not informed about this until after the experiment had ended. Thus, during the experiment they believed their performance related to the amount they would be paid.
Data Analysis
All data analysis was carried out in Matlab. As the actual outcomes in the experiment were stochastic, it was possible for the face, which had a lower probability of being rewarded in an individual block to actually be rewarded more often, especially over a short run of trials. Therefore,
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we referenced all decisions of the participants to an ideal observer model. The ideal observer was modeled using a Bernoulli distribution for each of the two faces. Thus, the likelihood function was given by:
Where y i is the probability that face i (eg, angry or happy) is rewarded, r i is the number of times face i was rewarded, and N i is the number of times face i was selected in the current block. The vector D represents the data, which in this case are the values of r and N from the current block. The probability that face i was more often rewarded than face j is given by:
We have here used the posterior, p(y i |D), as we numerically normalized the distributions before carrying out the integral. The ideal choice or decision rule (f ) was then given by the face which is probably most highly rewarded, given by
For the data analysis, in which we compared the model's choice to the participant's choice, when probabilities were tied we incremented both options for the model's choice by 0.5, thus spreading the model choice evenly. Although it could be argued that participants should explore in this task and therefore, that referencing choices to an ideal observer is not optimal, exploration should be minimized to perform optimally, as we used stationary distributions and therefore, this is a two-armed bandit task (Tsitsiklis, 1994) .
To examine the differential effect of positive and negative feedback, we added parameters to the basic model, as we have carried out previously (Averbeck and Duchaine, 2009 ). This analysis applies only to Figures 2b and f. All other analyses were referenced to the ideal observer, without these parameters. In the extended model, for rewarded trials the reward value was calculated as: r ðtÞ ¼ 0:5 þ a ð4Þ whereas for unrewarded trials it was calculated as r ðtÞ ¼ 0:5 À b ð5Þ The variables a and b were fit as free parameters in the model. The parameter a measured the amount that positive rewards were weighted and the parameter b measured the amount that no reward ('you lose') was weighted. For the ideal observer these terms are both 0.5. The total reward up to trial T substituted into equation (1) was then calculated as the sum across trials:
The parameters a and b were fit by maximizing the likelihood of the sequence of decisions of each participant:
Where l ¼ 0 if the participant selected stimulus j and l ¼ 1 if the participant selected stimulus i. Here, D* is the series of decisions of the participant, as opposed to the series of outcomes, which is collected in D in equation (1). We maximized the log of the likelihood using fminsearch in Matlab. We started from multiple initial values to minimize the chance of falling into a local minima. Faces were presented on the left and right of the screen. Participants then selected either the right or left face, after which they were given auditory and visual feedback about whether they had 'won' or 'lost'. If they won, their total winnings were incremented by 10 p.
It would be possible to model learning in this task using a reinforcement learning model, and these model are related to ours in many respects. The main disadvantage of a reinforcement learning model is that it has free parameters, usually a learning rate parameter and a temperature parameter, that have to be fit.
The evidence vs choice probability curves were generated by calculating a moving average. Differences were then taken bin-by-bin for statistical analysis.
RESULTS
A total of 18 participants were run in a double-blind study, in which they were given either intranasal oxytocin or placebo in separate sessions and then engaged in two associative learning tasks, in which they had to select between a happy and an angry face, or a happy and a sad face (see Methods and Figure 1 ). Within each block of 26 trials, one of the faces was rewarded 60% of the time and the other 40% of the time. Participants were asked to learn which face was most often being rewarded and pick it as many times as possible. We compared the fraction of correct decisions (ie, percent correct divided by 100) participants made in drug and placebo conditions. As the feedback was probabilistic, correct was defined as making the same decision as an ideal observer, which always made the optimal choice given the previous financial feedback. Referencing to an ideal observer, which based its decisions on exactly the same information that the participant received on a trial-by-trial basis, controlled for the fact that the feedback could be more positive for the face, which had a lower probability of being rewarded in the block. Participants were above chance for the happy vs angry task in the placebo (mean 0.69,po0.001, t 17 ¼ 7.1) and drug (mean 0.68, po0.001, t 17 ¼ 8.2) conditions. Similarly, they were above chance for the happy vs sad task in the placebo (0.67, po0.001, t 17 ¼ 6.5) and drug (mean 0.64, po0.001, t 17 ¼ 6.3) conditions. The difference between placebo and drug conditions, however, did not reach significance in either the happy vs angry (t 17 ¼ 0.7, p ¼ 0.473) or the happy vs sad (t 17 ¼ 1.5, p40.149) tasks (Figures 2a and d) . Thus, there was no overall effect of drug on learning to respond to the most rewarded target.
Next we examined the face preference (ie, an effect of emotion valence) by comparing how often the participants picked the happy face when they should have picked (given the ideal observer prediction) the angry face, to the number of times the participants picked the angry face when they should have picked the happy face. A mixed-effects ANOVA with repeated measures on valence (ie, picking angry when they should pick happy, vs picking happy when they should pick angry) and drug (oxytocin vs placebo) in the happy vs angry task, had a main effect of valence (F 1, 17 ¼ 5.45, p ¼ 0.032), but no main effect of drug (F 1, 17 ¼ 0.34, p ¼ 0.573) and no valence by drug interaction (F 1, 17 ¼ 1.84, p ¼ 0.192). Thus, participants picked the happy face when they should have picked the angry face, more often than they picked the angry face when they should have picked the happy face. We also carried out planned comparisons on the valence effect separately in the drug and placebo conditions and found that the valence effect was significant under placebo (mean difference ¼ 0.159, t 17 ¼ 2.9, p ¼ 0.009) but not under the drug (mean difference ¼ 0.069, t 17 ¼ 1.2, p ¼ 0.261). We carried out the same analysis in the happy vs sad condition and found that there was a significant main effect of valence (F 1, 17 ¼ 8.5, p ¼ 0.010), but no main effect of drug (F 1, 17 ¼ 1.11, p ¼ 0.307) and no valence by drug Associative learning task S Evans et al interaction (F 1, 17 ¼ 0.32, p ¼ 0.581). Planned comparisons showed that there was a significant preference in both the placebo (mean difference ¼ 0.089, t 17 ¼ 2.27, p ¼ 0.037) and drug conditions (mean difference ¼ 0.126, t 17 ¼ 2.20, p ¼ 0.042).
We also examined whether oxytocin affected the amount that participants relied on positive or negative feedback during learning. We fit a parameterized model (see methods), which was a direct extension of the ideal observer, to individual participants which assessed the amount that positive and negative feedback drove future decisions, and compared parameters within participants between drug and placebo conditions for both tasks (Figures 2b and f) Next, we examined these effects in more detail by estimating the evidence vs choice probability curves, which show the fraction of times that the participants chose each face as a function of the strength of the (financial) evidence supporting each face. The evidence is given by the ideal observer: p(y happy 4y angry ) for happy vs angry and correspondingly for happy vs sad. For example, when the evidence was 0.5 for the happy face, the evidence equally supported both faces, and participants should have picked the happy and angry faces about 50% of the time if they were behaving as the ideal observer. What we found instead, was that participants picked the happy face about 60% of the time, and correspondingly the angry face about 40% of the time (Figure 2c) , consistent with the significant preference effects reported above. This was true under both placebo and drug conditions. However, when the evidence strongly supported the angry face, participants in the placebo condition picked it just over 60% of the time, whereas participants in the drug condition picked it over 80% of the time. We carried out the same analysis for the happy vs sad condition and found that the preference near 50% was smaller than the preference in the happy vs angry condition (Figure 2g ). However, when the evidence strongly supported the happy face, participants picked it about 80% of the time, but when the evidence strongly supported the sad face participants picked it about 70% of the time. Thus, participants were more likely to pick the happy face when the evidence strongly supported it than the sad face. Qualitatively, however, there were few differences between drug and placebo conditions for the happy vs sad task.
To quantify the difference in the evidence vs choice probability curves (Figures 2c and g ) between drug conditions, we computed this curve for each individual participant, separately for the drug and placebo conditions for each task. Then, we took the difference between these curves for individual participants (placebo-drug), and examined this difference curve across the participants. We could carry out t-tests on individual bins, but this would lead to a multiple comparisons problem. Therefore, we quantified the effect by fitting the following regression equation to the difference curve of individual participants: dchoices placeboÀdrug ¼a 0 þa 1 evidence happy þa 2 evidence 2 happy Thus, this analysis gave us 3 regression coefficients for each participant, corresponding to the intercept (a 0 ), slope (a 1 ), and quadratic terms (a 2 ). Across participants we had three distributions, one for each parameter. Subsequently, we carried out t-tests on each of these distributions to assess significance of the corresponding parameter at a population level (Holmes and Friston, 1998) . Thus, we were testing the hypothesis that the intercept term, across participants, was significantly different than zero, and correspondingly for the linear and quadratic terms. For the happy vs angry task we found that the intercept was significant (mean a 0 ¼ 0.17, t 17 ¼ 2.80, p ¼ 0.012) but the linear and quadratic terms just missed significance (mean a 1 ¼ À0.49, t 17 ¼ 2.01, p ¼ 0.060; mean a 2 ¼ 0.45, t 17 ¼ 2.00, p ¼ 0.061). Thus, there was a significant difference in how participants chose happy and angry faces between placebo vs drug conditions (Figure 2d ). Most specifically, when the evidence strongly supported the angry face, participants on drug more often chose the angry face, as shown by the significant intercept term (a 0 ) across participants. For the happy vs sad face, however, none of the three parameters were significant (mean a 0 ¼ À0.11, t 17 ¼ 1.7, p ¼ 0.10; mean a 1 ¼ 0.41, t 17 ¼ 1.38, p ¼ 0.18; mean a 2 ¼ À0.32, t 17 ¼ 1.09, p ¼ 0.29). Therefore, there was no systematic difference between placebo and drug, in how the participants chose the happy vs the sad face, as a function of the evidence (Figure 2h ).
DISCUSSION
Although oxytocin is often considered prosocial, whether it achieves these effects by increasing the appetitive effects of positively valenced stimuli, or decreasing the aversive effects of negatively valenced stimuli, or both has not been clear. In addition, whether it affects only social stimuli or a broader class of stimuli with positive and negative emotional valence has not been clear. Consistent with most previous studies, we found no effects of oxytocin on mood (Di Simplicio et al, 2009; Fischer-Shofty et al, 2010; Kirsch et al, 2005; Marsh et al, 2010) . When participants given placebo were required to learn which of the two faces in a block of trials was being rewarded most often, they preferred the happy face relative to the angry or sad faces, replicating our previous results (Averbeck and Duchaine, 2009 ). We further found that administration of oxytocin reduced aversion to the angry face, such that when the participants had been given strong financial rewards, which suggested they should select the angry face, they did so significantly more often under drug than placebo. In fact, on drug, participants chose the angry face when the evidence strongly supported it about as often (B80%) as they chose the happy face when the evidence strongly supported it (B80%), on placebo. Interestingly, there was no effect of oxytocin in the happy vs sad task, although participants did show choice preference in this task as well. Additional analyses of the integration of positive and negative financial feedback, as well as assessment of overall task performance, showed that oxytocin did not significantly affect financial reward processing. Thus, this data supports the hypothesis that oxytocin specifically decreases the aversive aspects of angry faces, while having no effect on sad faces, which also have negative emotional valence, or financial feedback, whether it be positive or negatively emotionally valenced. There are of course other classes of stimuli, which elicit emotions, beyond financial and social considerations. Therefore, more of these will have to be examined before the specificity of oxytocin to social emotional stimuli, and perhaps even more specifically to angry stimuli, can be established. It should be noted that these effects cannot be because of the simple changes in visual processing, as the visual discrimination is the same in all trials. The participants must simply determine which emotion is on each side of the screen. The effects we see are specifically related to how choice behavior is affected by both financial and social information, as the effects of decreased aversion are specific to cases in which the angry face should be chosen.
There are a number of limitations to this study that are important to consider. First, we did not include an explicit loss condition in which participants actually lost money. We simply showed the text, 'you lose' when the participants did not win. Thus, it is possible that oxytocin would have had effects in an explicit loss. Second, we used highly polar emotions, including happy vs angry and happy vs sad. We used these emotions, as we believed they would generate the largest behavioral bias. However, all of these effects are relative effects between these emotions. The inclusion of a neutral emotion condition may have clarified the specific effects of oxytocin on happy vs angry faces. Third, this study used only male participants, and there is evidence that male and female participants respond differently to oxytocin (Domes et al, 2010) . Finally, we have conceptualized the effect in this task as a reduction in aversion to angry faces. However, it is also possible that participants find the happy faces less appetitive, as the effects we find are changes in relative choice preferences. In this case, however, we might have expected results in the happy vs sad task, which we did not see. It is possible that the lack of results in the happy vs sad task are because of the fact that oxytocin specifically affects approach/withdrawal behaviors (Kemp and Guastella, 2010) , and sad faces do not elicit withdrawal responses as do angry faces. It could also be the case that participants are better at assigning reward to angry faces on oxytocin. Overall, however, we did not find that participants learned better on oxytocin, so they do not seem to be better at assigning reward across emotions. In fact, the improvement in performance for angry faces is offset by a decrease in performance for happy faces.
Although this task structure differs from previous studies, which used explicit evaluation of stimuli after pavlovian association with shock or levels of investment in an economic exchange (Baumgartner et al, 2008; Kosfeld et al, 2005) , aspects of these studies are consistent with the results of this study. Specifically, Petrovic et al (2008) found that faces which had been associated with shock were not judged more aversive than faces which had not been associated with shock following administration of oxytocin. Furthermore, decreased activation on drug in the amygdala was specific to faces with direct and not averted gaze. This experiment, however, did not include a positively valenced condition, so it is not clear whether oxytocin would have increased positive associations. In the experiment by Baumgartner et al (2008) , oxytocin specifically increased investment following feedback that 50% of trustees had not returned an investment in the first round of play. Participants on placebo actually decreased investment following feedback, which suggests that these participants differentially considered the 50% trustee reciprocity to be unfair and aversive. Again, this effect seemed to be mediated by the amygdala. Thus, across studies requiring a behavioral response, oxytocin seems to mitigate aversive aspects of social stimuli on behavior. This task shows this effect more specifically, and also shows within the same paradigm that learning from financial feedback is not affected by oxytocin.
A recent note has conceptualized the effects of oxytocin as both increasing approach related behavior and decreasing withdrawal related behavior (Kemp and Guastella, 2010) . The hypothesis as developed by this group, however, discusses anger from the point of view of the angry individual, not the individual toward whom the anger is directed. Thus, their conclusion that anger is an approach behavior does not map directly onto the effects of anger we see in this task. If being the object of anger generates a withdrawal response, however, these results would be consistent with this aspect of their hypothesis. The results of this study are further specific in that negative feedback, which also generates a withdrawal response in the participants of this study, is not affected by oxytocin.
Other tasks have reported results which address related, but different hypotheses about the effects of oxytocin and show that oxytocin can affect a broader class of behaviors. For example, it has been shown that oxytocin attenuates the amygdala response to emotional expressions, regardless of valence (Domes et al, 2007a) , improves one's ability to infer emotions from images of the eyes (Domes et al, 2007b) and increases gaze to the eye region of human faces (Guastella et al, 2008a ). In addition, some studies have seen improvements in memory for faces on oxytocin, although there has been some inconsistency in whether these effects are specific to positive or negative emotions potentially attributable to differences in task design (Guastella et al, 2008b; Rimmele et al, 2009; Savaskan et al, 2008) . Finally, it has been shown that oxytocin increases feelings of both envy and schadenfreude in a task in which participants win more or less than other participants doing the same task (Shamay-Tsoory et al, 2009) and that oxytocin can increase sensitivity to social feedback (Hurlemann et al, 2010) . Both of these studies suggest that oxytocin actually increases sensitivity to social stimuli, whereas this study seems to indicate a decreased sensitivity. The paradigms differ in important ways from ours, however. First, in the study by Shamay-Tsoory et al, (2009), participants are not required to make a decision based on their outcome. They are only required to indicate how they feel about the outcome. In the second paradigm, Hurlemann et al (2010) , show that participants on oxytocin do not learn more from a cognitive form of feedback, which is consistent with the results of this study. However, they also show that on oxytocin participants are more sensitive to the social feedback. In their study, participants use the social feedback to learn the category membership of an abstract string of numbers, whereas in this study participants learn to associate rewards to a social stimulus. Thus, the studies are examining fundamentally different questions, which may explain the difference in results.
Results from non-human animal studies also support the hypothesis that oxytocin exerts its effects by decreasing the aversive aspect of social stimuli. For example, virgin female rats find pups aversive (Fleming and Anderson, 1987) . However, after parturition, rats find pups appetitive (Lee et al, 1999) , an effect blocked by injection of oxytocin antagonists into the ventricles (Fahrbach et al, 1985) among other manipulations. It is possible, however, that this effect is specific to maternal behaviors, as pair bonding after mating is also dependent on oxytocin (Williams et al, 1994) , but it is not clear why pair bonding would be enhanced by reduced aversion to negative social stimuli.
Oxytocin interacts with other neurotransmitter systems, including the opioid (Vuong et al, 2010) and dopamine systems (Aragona et al, 2003; Aragona et al, 2006; Gingrich et al, 2000) . With respect to dopamine, oxytocin had no significant effect on learning from positive or negative financial feedback, both of which have been shown to be dopamine dependent (Djamshidian et al, 2010; Frank et al, 2007; Frank et al, 2004; Pessiglione et al, 2006) . Studies in prairie voles have shown that pair bonding, which is oxytocin dependent, is also dependent on dopamine transmission in the nucleus accumbens (Aragona et al, 2003; Aragona et al, 2006; Gingrich et al, 2000) , a structure which has been shown to have oxytocin receptors (Schorscher-Petcu et al, 2009) . Thus, the effects of oxytocin that are mediated by the dopamine system appear to be specific to social behaviors. Whether the reduction in the aversive aspect of the angry face in this task is also mediated by interactions with either the dopamine or opioid systems remains an open question.
Results from a range of studies are beginning to show an important role for oxytocin in social interactions and studies have already begun to show that oxytocin can improve deficits in social interactions in patient groups (Averbeck, 2010) . For example, in participants with autism spectrum disorders (ASD), oxytocin can improve the recognition of emotions in the reading the mind from the eyes task (RMET; , and it can increase saccades to the eye region when ASD patients view images of faces (Andari et al, 2010) . Functional imaging results suggest that oxytocin increases eye movements toward the eye region in healthy participants by making them more salient or appetitive (Gamer et al, 2010) . Thus, the improvement in performance in the RMET task may be because of increased attention to the informative eye region, and patients may avoid this region because they find the eyes aversive. We have also found, using the task reported in this study, that patients with schizophrenia are more averse to angry faces than healthy controls (unpublished data). Thus, it is possible that oxytocin might also be able to reverse this deficit, as we have seen that oxytocin increases the probability that healthy participants will pick an angry face, when it is associated with reward.
